Background: Medical laboratories play a central role in health care. Many laboratories are taking a more focused and stringent approach to quality system management. In Korea, laboratory standardization efforts undertaken by the Korean Laboratory Accreditation Program (KLAP) and the Korean External Quality Assessment Scheme (KEQAS) may have facilitated an improvement in laboratory performance, but there are no fundamental studies demonstrating that laboratory standardization is effective. We analyzed the results of the KEQAS to identify significant differences between laboratories with or without KLAP and to determine the impact of laboratory standardization on the accuracy of diagnostic tests.
INTRODUCTION
Medical laboratories play a central role in health care. Laboratory data are an integral part of physicians' decision-making processes; 70% of all critical medical decisions are based on laboratory test results [1] . The purpose of a laboratory is to provide physicians and other health care professionals with information that enables them to: (1) detect a disease or predisposi-tion to a disease, (2) confirm or reject a diagnosis, (3) establish prognosis, (4) guide patient management, and (5) monitor the efficacy of therapy. To successfully achieve these goals, every laboratory should strive to achieve medical, scientific, and technical expertise, obtain resources such as personnel, laboratory equipment, supplies, and facilities, and, most importantly, have a management set-up that ensures quality laboratory services.
Many laboratories are adopting a more focused and stringent approach to quality system management. The International Organization for Standardization (ISO) is the first quality management system for medical laboratories. It establishes guidelines that reflect the highest level of quality [2] . The ISO 15189 has been adopted by the College of American Pathologists (CAP) in an effort to improve patient care through quality laboratory practices [3] . Similarly, the CLSI has developed 12 Quality System Essentials based on ISO standards. These 12 essentials serve as a starting point in establishing a quality system that covers pre-testing, testing, and post-testing operations [3] . In the United States, laboratory activities are highly regulated by healthcarerelated legislation such as the Clinical Laboratory Improvement Amendments (CLIA) of 1988 [4] . Most clinical laboratories in the United States have received CLIA certification to perform testing on human samples, which indicates that they meet personnel, operational, safety, and quality standards based on test complexity.
In Korea, no national regulatory standards have been developed for clinical laboratories. The standardization of laboratory practice depends on a private sector entity, the Korean Laboratory Accreditation Program (KLAP), and the Korean External Quality Assessment Scheme (KEQAS) [5, 6] . The KLAP was developed by the Korean Society of Laboratory Medicine in 1999, and was reorganized as the Laboratory Medicine Foundation in 2010 [6] . A laboratory that meets the requirements of laboratory accreditation schemes can receive KLAP certification, which expresses confidence in the quality of services provided by that laboratory [6] . The KEQAS was set up in 1976, and is currently run by the Korean Association of External Quality Assessment Service. The main objectives of the KEQAS are to compare test results among participating laboratories nationwide by using the same test item. The number of participants in the KEQAS is gradually increasing [5] .
The standardization efforts undertaken by the KLAP and KEQAS may have facilitated an improvement in laboratory performance in Korea; however, there are no fundamental studies demonstrating that laboratory standardization is useful. We analyzed the results of the KEQAS to identify significant differences between laboratories with and without KLAP, and to determine the impact of laboratory practice standardization on the accuracy of diagnostic testing.
METHODS

Study subjects and parameters
Data from the KEQAS gathered between 2010 and 2013 by the clinical chemistry subcommittee of the Korean Association of External Quality Assessment Service were included in this study. A total of 19 test items related to clinical chemistry were analyzed: albumin, alkaline phosphatase, ALT, AST, blood urea nitrogen, chloride, creatinine, γ-glutamyl transferase, glucose, lactate dehydrogenase, phosphorus, potassium, sodium, total bilirubin, total calcium, total cholesterol, total protein, triglyceride, and uric acid [7] . As a statistical parameter to assess bias in performance between laboratories, we used the variance index score (VIS). The VIS ranges from 0 to 400, and it provides an overall comparison of test results for each test item. The value of the VIS is calculated as follows: VIS = [(Xlab-DV)/DV × 100]/CCV × 100; where Xlab is the result from the participating laboratory; DV is the designated value, which is the mean result from the participating laboratories using that method after excluding outliers more than two standard deviations from the mean; and CCV is the chosen coefficient of variation, taken from the National External Quality Assessment Scheme in the United Kingdom (1971) [8] . 
Statistical analysis
VIS differences between laboratories with or without KLAP were compared by Student's t-test. One-way ANOVA followed by Tukey's multiple comparison test was used to evaluate the statistical significance of the differences among the institutional types. Logarithmic transformation of VIS was performed because of its right skewed distribution. The values of VIS were reported as the geometric mean with 95% confidence intervals. P values were based on two-sided comparisons, and P values < 0.05 were considered statistically significant.
RESULTS
Differences in the VIS between laboratories with or without KLAP
Statistical data on VIS, by test, are listed in Table 1 . Most of the VIS data received scores of less than 100, except for a chloride test result from laboratories without KLAP (107.7 in 2010, 101.9 in 2011, and 102.3 in 2012). Relative to the group of laboratories without KLAP, the group of laboratories with KLAP exhibited significantly lower geometric means of 4-yr VIS in all tests (P < 0.0001). Confidence intervals for the mean of each test item in the two groups (accredited and non-accredited) did not overlap; this gap suggested that the means of the two groups were significantly different (Table 1 ). The geometric means of VIS in 2013 are shown in Fig. 1 .
Differences in the VIS between laboratories categorized by institution type
Laboratories in general hospitals and entrusted laboratory agencies exhibited significantly lower geometric means of 4-yr VIS for all test items compared with that of laboratories in hospitals and clinics (P < 0.0001) ( Table 2 ). The laboratories in general hospitals were further classified into two subgroups based on their KLAP status; the numbers in the accredited and non-accredited groups were 205 (64%) and 116 (36%) in 2010, 212 (65%) and 116 (35%) in 2011, 219 (66%) and 113 (34%) in 2012, and 221 (62%) and 135 (38%) in 2013, respectively. Among the laboratories in general hospitals, the means of 4-yr VIS in laboratories with KLAP were significantly lower than those in laboratories without KLAP for blood urea nitrogen, chloride, creatinine, glucose, lactate dehydrogenase, phosphorus, potassium, sodium, total calcium, total cholesterol, triglyceride, and uric acid (Table 3) .
DISCUSSION
The major finding of this study is that the 4-yr VIS was significantly different between laboratories with or without KLAP. Implementation of laboratory standards is verified through the process of accreditation. In many countries, accreditation of medical laboratories has been established for several decades [9] [10] [11] [12] . Accredited medical laboratories should have a well-functioning quality management system, demonstrate technical competence, and provide timely and customer-focused services that contribute to patient care. Our observation of a lower VIS in KLAP-accredited laboratories suggests that the KLAP assesses laboratories in accordance with the accepted standards. This finding provides external validation that KLAP-accredited laboratory services are accurate, traceable, and reproducible.
Clinical laboratories must provide high-quality services by producing accurate, precise, relevant, and comprehensive data, which have a direct impact on the medical management of patients [1] . Enhancement of the quality of laboratory services in- Table 3 . Continued volves laboratory quality management plans, including pre-analytic, analytic, and post-analytic plans, and standardization of activities and practices. A lack of standardization makes it impossible to guarantee the reliability or accuracy of laboratory test
